m jh at 1450 r.p.m.
-A perfect counter-flow condenser.
-Electronic expansion valves to feed the dry-ex evaporator.
As the aim of our experimentation is to compare the cop and the thermal power of the heat pump, we replace pure fluid Rl2 by a non azeotropic mixture. So first we determine performances of the heat pump with Rl2 to have a reference, then we replace Rl2 by a ternary mixture. As the installation includes 31 sensors (temperature, pressure, flow meter, electric power) connected to a computer, we can evaluate the influence of a non azeotropic mixture on the volumetric and isentropic compression efficiencies, and on the overall coefficient of heat transfer of the condenser. Tests with the non azeotropic mixture, give the following results (compared with Rl2).
* + 20% for the thermal power at the condenser, * + 1 1 5% for the coefficient of performance, * -2% for the volumetric efficiency, * -10% for the overall coefficient of heat transfer for the same heat flux.
At the end of the tests we successively created leakages re~pe7tively at the input of the dry ex evaporator (low pressure, ~l~qu~~ ~nd.gas ~hases) and at the top of the rece~ver where gas is ~~ e~u~l~br~um w~th liquid. We took a sample of one kilogramme of l~qu~d fro~ the receiver before and after each leakage to know the concentrat1on of each component of the mixture. The following table shows mass concentration of each component. Initial load of the heat pump is 300 kg.
Experimental results show no variation of mass concentration when a leakage of 30 kg occurs at the input of the evaporator. The leakage at the top of the receiver lasts until gas crosses the expansion valve.
Between 20 and 30% of the total load was lost. we can therefore conclude that leakages do not modify the composition of this mixture enough to change working conditions of the heat pump. Les resultats exp~r1ment aux montrent qu'il n'y a pas de variation de la concentrat ion massique quand une fuite de 30 kg se produit a l'entree de l.'~vaporat eur. La fuite en haut de la bouteille a dure jusqu'a ce que du gaz traverse le detendeur. Entre 20 et 30 ~ de la charge totale ont ~te perdus. Nous pouvons done conclure que les fuites ne modifient pas la compositio n de ce melange suffisamme nt pour changer les conditions de fonctionne ment de la P.A.C .. 
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Z -TEST INSTALLA TlON
Experimen ts were carried o t on a heat pump which recovers energy from a refrigera t1ng installati on and arms water from 5B°C to 6B'C. As we can see on figure l, characte ristics of th 1nstallat ion are : -2 open type reciproca ti g compresso r~ powered by electric 75 kW ; the total swept v lume is 496 m /h at 1450 r.p.m.,
-a perfect counter-f low c ndenser,
-Electroni c expansion val es to feed the dry-ex evaporato r.
motors of
The heat pump includes 31
(water) and on refrigera nt (Rl ensors on heat source (ammonia) , on cold source or non azeotropi c mixture). The flowmeter s and the temperatu re and pressure g uges are connected to a computer. The installation has already been describe with more details in [1].
-INVESTlGA TlONS METHOD
When we examined the measurements obtained we were faced with all the problems of getting precise measurements in an industrial environment (meat salting factory) and particularly the problem of stability. The instability of the heat pump in operation is mostly due to the variations of the ammonia condensing temperature in the refrigerant evaporator. As a matter of fact, the activities of the salting vary during the day and this brings about important variations of the needs of refrigeration and upsets the stability of the heat pump.
So, among all the obtained measurements, we looked for operating zones in which the variations of the ammonia pressure are small. Then we could study the performances of the heat pump versus the temperature of the heat source.
On a stable operating source, we determined an average operating point in order to calculate all the performances.
To evaluate the influence of a non azeotropic mixture on the performances of a heat pump compared with RlZ we determined the following efficiencies for each fluid.
-Volumetric efficiency : ratio of the flow-rate of refrigerant at the suction point to the swept volume of the compressor.
-Isentropic efficiency : ratio of the power absorbed by an isentropic compression of the refrigerant to the power determined fl'Om the characteristics of the refrigerant at the suction and the discharge point.
-Coefficient of performance (COP) : ratio of the power Q obtained at the cold source to the electric power used by motors.
/. / -Overall coefficient of heat transfer of the condenser h defined as external surface of the condenser (m 2 ) thermal power rejected by the condenser (kW) DTL Logarithmic mean temperature difference (°C). It is obtained from the logarithmic mean temperature differences of the desuperheating and condensing area [2] .
-TESTS RESULTS
The curves for the average COP and thermal power of heat pump versus ammonia pressure for the sam~ input and output temperatures of water are plotted on figure 2 and J.
These results correspond to the expected values. As a matter of fact, simulation showed that the use of a ternary mixture would increase the thermal power by 21 :l with the same COP under a ammonia pressure equal to 12,5 bars. The COP does not change because there is no temperature drop on heat source, therefore no decrease of irreversibilities on the evaporator. We can al<o ob;erve the ;;mall influence of variation;; of the warm source on the advantages obtained with non azeotropic mixture. So a mixture is a fluid made to measure, but it keeps its advantages even when the working conditions differ from the initial ones.
-Volumetric efficiency Figure 4 shows the variations of volumetric efficiency versus pressure ratio. First we can notice that the values obtained are dose to the values usually given for this type of compressor according to the gap of pressure between suction and discharge. For the same pressure ratio, volumetric efficiem;y decreases about 2 ~~ when we use non azeotropic mixture instead of pure refrigerant Rl2. This small decrease of volumetric efficiency may be due to a variation of the ratio Cp/Cv which is higher for the non azeotr.opic mixture.
-Isentropic efficiency
The variations of isentropic efficiency for different values of the pressure ratios can not be noticed from figure 5. We can just conclude that the mean isentropic efficiencies are 70 ~: for pure refrigerant and 72 ~: for ternary non azeotropic mixture.
So w~ can conclude that the use of a non a~eotropic mlxture does not reduce isentropic and volumetric efflclencie 5 of an open type reciprocat ing compressor.
-Overall coefficien t of heat transfer
Experiment al results (figure 7) show a small decrease of the overall coefficient of heat transfer of the condenser when we use a non azeotropic mlxture.
On the heat pump equipped with a coiled condenser with bare pipes, the decrease can be equal to 10 1~ for the same density of energy.
But we can also compare the overall coefficien t of heat transfer with the same temperatur e of the water at the input and the output of the condenser. To obtain the same temperatur e drop we make the water flow-rate of the cold source vary in proportion to the thermal power rejected by refrigeran t. In this esse, the overall coefficien t of heat transfer is about the same with R12 or non azeotropic mixture. For the example shown on figure 6 the overall coefficien t of heat transfer is 916 W/m 2 °C for Rl2 and 933 W/m 2 °C for non azeotropic mixture.
-INFLUENCE OF lEAKAGES
After having evaluated the performanc es of a heat pump using a non azeotropic mixture we studied the influence of refrigeran t leakage on the mixture compositio n.
For this purpose, we created two leakages : one at the input of the dry ex evaporator (low pressure, liquid and gas phasis) and the other at the safety valve of the receiver where gas is in equilibrium with liqu•d (high pressure). In order to determine the variations of concentrat ion of all the components , we took a sample of one kilogram of liquid from the receiver before and after each leakage.
A leakage of JO kg occurred at the input of the evaporator , the initial load was 300 kg and the leakage lasted 4 hours.
The leakage at the top of the receiver lasted 4 hours until gas crossed the expansion valve because reFrigeran t load of the heat pump became insufflcie nt for a good "or king. The refrigeran t loss is compri5ed between 55 and 90 kg, i.e 20 to 30 :' of the initial load 300 kg.
The following table (table 2) shows the mass concentrat ion of each component of the ternary mixture at the end of each leakage. We can notice that the leakage at the input of the dry ex evaporator does not modify the concentration of the different components, These results obtained in an industrial installation agree with the results obtained in laborato,ry (3] . So we can conclude that the leakages created on a pipe, where a diphesis mixture flows, does not modify the composition of a non azeotropic mixture.
The leakage at the top of the receiver causes a bigger decrease of the most volatile components A and B.
We know the concentration of each component before and after the leakages, but we do not know the exact quantity of lost refrigerant. Although it is difficult to know the exact concentration of each component in the lost refrigerant, we can suppose that it is very close to the concentration of the mixture itself. Then if we add the lost quantity of refrigerant, with initial concentration, to the remaining quantity, the concentration is about the same as the initial load.
We can therefore conclude that leakages do not modify the composition of the mixture enough to change the working conditions of the heat pump.
-CONCLUSION
In this publication we have presented the series of measurements obtained on the first industrial heat pump using a non a:;:eotropic mixture of refrigerants.
The tests carried out on the heat pump with a ternary non a>eotropic mixture and then with a pure fluid, the Rl2, allowed us to verify the following : -The agreement of the increase of the thermal power and of COP with the expected values.
-The absence of maintenance problems specific to the use of non azeotropic mixture5.
-The very small influence of the ~:efrigerant leakages on the mixture composition.
These tests have showed the reliability of a heat pump using a non azeotropic mixture in an industrial environment.
This type of mixture can be a substitute for RlZ, the use of which is controlled because of its bad influence on the zone layer. 
